We present the results from the measurement of secondary cosmic gamma-ray flux using a NaI(Tl) scintillator detector during a total solar eclipse. The unique feature of this experiment is that it was carried out at a place where the solar eclipse was not observable. The total solar eclipse of August 21, 2017, was visible in most of the regions of North America during the day, whereas India, falling on the other half of the globe missed this particular eclipse. Our aim was to measure and examine if there are any variations in the secondary cosmic ray (SCR) flux at Kolkata, India due to the occurrence of the eclipse in America. Detailed experimental techniques used for this experiment are mentioned in this article. Method of data analysis and results are presented. We observe unexpected dehancement and enhancement of SCR flux in certain energy regions.
Introduction
The solar eclipse of August 21, 2017, also known as "The Great American Eclipse" was a total solar eclipse visible within a band across the entire continental United States, passing from the Pacific to the Atlantic coasts.
The partial eclipse started on August 21 at 15:46:50 UTC and ended on August 21 at 21:04:21 UTC. Solar eclipse is a very important astronomical event that provides the opportunity for studying the disturbance produced in the atmosphere and its effect on cosmic ray intensity. It has been observed in the past that the rapid reduction in solar irradiation during the eclipse causes many secondary effects on the Earth's atmosphere [1] . However, the study of cosmic rays in places falling on the other side of the Earth where eclipse is not occurring has not been carried out previously. The Great American eclipse was a good opportunity to study its effect on the atmosphere just above Kolkata, India.
Cosmic rays are high energy particles (mostly protons) that continuously bombard the upper atmosphere resulting in the production of various secondary particles such as the charged pions, kaons, etc. which decay into muons and neutrinos. The neutral pions decay to produce pairs of gamma rays and they contribute to the electromagnetic component of the shower. Moreover, the decay of muons leads to the production of electrons and positrons which produce gamma rays by bremsstrahlung. On the surface of the Earth, a substantial flux of sub-MeV to MeV gamma rays and GeV muons is detected. Besides the secondary cosmic ray flux (SCR), terrestrial radioactive nuclei namely 40 K, 222 Rn, 232 Th, 238 U, also make additional contributions to the sub-MeV to MeV gamma rays.
The secondary cosmic ray (SCR) flux depends on atmospheric weather parameters and interplanetary solar and geomagnetic parameters. It is also affected by tidal or gravitational waves created by the motion of the moon.
The variation of cosmic ray flux during solar eclipses have been studied and reported earlier by several groups of researchers [2] . All of them observed a dip in cosmic ray flux during the solar eclipse. The experiment carried out by Chintalapudi et al. during total solar eclipse of October 24, 1995 at Diamond Harbour, showed that there is 11% dip in γ-rays (600 keV -1350 keV) and on the average 9-10% decrement in high energy photon counts [3] . reported an observation of 9% dip just prior to the total solar eclipse and 4% steady decrement during the eclipse of August 1, 2008 in the energy range 50 keV -4600 keV [5] . According to observations by Bhaskar et al. during solar eclipse of January 15, 2010, there was a 21% drop in SCR flux in 1 MeV -1.5 MeV energy range during annularity [6] . The explanation given by some groups is that a quasi-periodic pressure wave is set up in the ionosphere by the shadow band in the ozone layer which may, considerably, affect the production of SCR [7] . Another explanation is that π -µ component production layer of the atmosphere is lowered due to atmospheric cooling during eclipse which shortens the path (or the time available) for decay of π 0 meson to γ-rays and µ meson to e ± and induces the changes in relative cosmic ray counts [4] . The drop of CR intensity cannot be explained by atmospheric cooling alone because geophysical disturbances are present at all levels of the atmosphere. The interaction of the cosmic rays in the atmosphere is affected by the weather parameters and solar activities. We started our measurements a few days prior to the solar eclipse day, and continued the same for the next few days for good statistics of the background counts and estimation of fluctuations. We have used a NaI(Tl) detector to detect the gamma rays. For shielding the detector from low energy background radiation, a 1 cm thick lead box has been used.
Experimental setup
The NaI(Tl) detector used in the present experiment, has a crystal of size 5.1 cm × 5.1 cm. The crystal is hermetically sealed inside an aluminium casing of 0.8 mm thickness with a 1 mm thick white reflecting material placed between the crystal and the casing. The scintillation crystal is optically coupled to photomultiplier tube (PMT) of diameter of 5.1 cm, inside the hermetically sealed case. The PMT was biased with a voltage of +600 V from an adjustable power supply ORTEC-556.
A schematic of the signal processing electronics is shown in Figure 1 . The signal from the dynodes is fed to a fixed gain charge sensitive pre-amplifier, integrated with the base of the PMT. The pre-amplifier signal is further shaped and amplified using ORTEC-671 Spectroscopy Amplifier with coarse gain of 500 and shaping time of 0.5 µs.
The amplifier output is digitized using multi-channel analyzer (MCA). Finally, the data were stored in a personal computer (PC). A picture of the setup in laboratory is shown in Figure 2 . The detector is calibrated using standard gamma ray sources including, 137 Cs (662 keV), 60 Co (1173 and 1332 keV) and 22 Na (551 keV) of known energies.
For each case the energy spectra are stored in PC. After calibration the energy spectra of cosmic gamma rays are stored with different arrangements of shielding. Four different configurations were used (i) The detector was kept on top of a wooden table without any lead shielding, such that γ-rays can reach the detector from all directions. Figure 3 shows a spectrum of the cosmic background radiation obtained for all four cases. The peaks due to terrestrial radioactive sources are clearly visible. After this background study the detector was kept above the lead box during the rest of the measurements. Continuous measurements have been carried out from 16 th August, 2017
to 23 rd September, 2017. The DAQ framework enables automatic feeding of the spectrum data to a buffer in every two minutes which is saved to an ASCII file in the computer before the MCA starts acquiring the next spectrum.
This ASCII file is analyzed offline and the spectrum is plotted using the ROOT software [8] . Figure 6 : Total counts of cosmic and terrestrial radiation per second in the energy range above 1500 keV
Results
As mentioned in section 2, all the measurements were made keeping the detector on top of the lead box such that it is exposed to background radiations from all three directions. No radioactive sources apart from terrestrial radioactivity were present nearby. Ambient temperature and humidity were kept constant at an average value around 28 • C and 50 % respectively during the entire duration of measurements using air conditioning system.
The γ-ray spectra are stored for 2 minutes and the number of detector signals per seconds have been calculated by summing up the counts in all the ADC channels, thereby integrating the entire spectrum. Figure 4 shows the total γ-ray counts per second over the detector area measured during 19th to 23rd August, 2017.
The decrease in γ-ray counts is clearly visible in the plot. In order to know the nature of fluctuations and energy dependence the data for the detector counts is analysed in low and high energy ranges separately. The 
The value of δm for Region 1 is found out to be 2.6% which means that there has been a significant decrement in Figure 5 . A possible explanation for the dip is discussed in the next section. A peculiar trait in the SCR flux distribution has been observed in Region 5. An unexpected high value of the mean of the gaussian count rate distribution for eclipse day has been observed and the value is 3.518 Hz, while for the normal days the mean is 2.889 Hz. The value of δm is 22 %. This increment has been observed through out the duration of Eclipse and, after this the count rate falls back to normal value gradually as seen in Figure 6 . 
Discussions
All earlier reports of flux variations are based on observations from measurements performed at places lying on the path of the solar eclipse i.e. the shadow region. Our experiment is unique in the sense that the measurements are done at a place lying on the other side of the globe. Therefore, all the explanations and interpretations of results obtained by earlier groups of researchers do not hold in our case. We observed SCGR flux decrement of 2.6% in the energy range 25-100 keV, 0.4% decrement in the energy range 100-500 keV, 0.86% increment in the energy range 500-1000 keV, 2.76% decrement in the energy range 1000-1500 keV and 22% increment for energies above 1500 keV.
One more interesting thing is that the increment or decrement that we observed were sustained throughout the solar eclipse duration that is from the time of the first contact to the time of the last contact. The count rates are consistent with each other before and after this duration. We shall now attempt to give a tentative explanation of our observations. During a solar eclipse, the Moon's shadow constitutes a cooling region in the Earth's atmosphere that travels at supersonic speed which may generate a bow wave. This was first pointed out by Chimonas and Hines in 1970 [9] and later investigated by other groups [10, 11] . They predicted pressure perturbation that trails the umbra (in the form of a bow wave), and propagates sideways and upwards at a speed of about 250m/sec to soon reach the ionospheric layers at around 200 km altitude. In reference [12] a strong signature of ionospheric bow waves has been identified as total electron content (TEC) disturbances over central/eastern United States during the Great American Eclipse 2017. Interestingly they not only found the eclipse bow wave in the ionosphere, they discovered strong TEC perturbations that move along meridional direction and zonal direction at supersonic speeds that are too fast to be associated with known gravity wave or large-scale traveling ionospheric disturbance (LSTID) processes. As mentioned in their paper, atmospheric and ionospheric disturbances can be excited by many different sources. In order to observe the bow waves, the atmospheric disturbances due to other sources should be minimal. According to the data from NOAA's Geostationary Operational Environmental Satellites (GOES) [13] there were no weather turbulences on 21 August. The planetary K index (K p ) had a low value (<4) during the eclipse [14] . The solar wind speed and geomagnetic parameters were also normal during the day of solar eclipse [15] . The overall conclusion that can be made from the NOAA's data is that there were no disturbances in the space weather conditions during the day of the solar eclipse event. This became an advantage to detect the bow waves conclusively and they might have propagated to larger distances effectively. in future so that not only γ-ray flux can be measured but also the local ionosphere characteristics including peak density and TEC during the eclipse should be measured at places lying far from the totality path. We hope that this work will motivate others to study the propagation of atmospheric disturbances produced by the solar eclipse to places located far away from the path of the eclipse. 
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